Background: Frailty is common in older age, and is associated with important adverse health outcomes including increased risk of disability and admission to hospital or long-term care. Exercise interventions for frail older people have the potential to reduce the risk of these adverse outcomes by increasing muscle strength and improving mobility.
Background
Frailty is a common and important syndrome that is increasingly prevalent with advancing age. It is characterised by cumulative physiological decline, which results in a vulnerability to sudden changes in health status that can be triggered by relatively minor stressor events [1] . The resulting frailty phenotype includes: weight loss, exhaustion, low energy expenditure, slow gait speed and muscle weakness (sarcopenia) [2] . A recent United Kingdom (UK) study reported a frailty prevalence rate of 8.5% for women, and 4.1% for men in a population of 638 community-dwelling people aged 64-74 years [3] .
Frailty is self-perpetuating; its development results in a spiral of decline that leads to worsening frailty and increased risk of adverse health consequences including disability, admission to hospital or long-term care, and death [2, 4] . Because of these adverse health consequences, frailty impacts directly on health and wellbeing and has important health resource implications [5] . Any attenuation of the prevalence or severity of frailty is therefore likely to have large benefits for the individual, their families and for society.
Sarcopenia is characterised by loss of muscle mass and strength and is considered to be one of the key components of frailty. It is a potential target for frailty prevention interventions that incorporate exercise to increase muscle mass and strength to improve basic mobility skills such as getting up from a chair, climbing stairs and walking to the toilet. These basic mobility skills are critical for maintenance of independence in older age, and loss of these skills can lead to a requirement for increased care.
A 2009 Cochrane Review reported a synthesis of 49 randomised controlled trials (RCTs) involving older people in permanent long-term care (reasonably assumed to be a frail population) and concluded that there was good evidence that individual or group exercise programmes were acceptable and effective in improving mobility and other daily living tasks in this vulnerable population [6] .
However, the large majority of older people in the UK live at home [7] . Exercise interventions for older people living at home can be delivered either individually in their homes, or elsewhere as a group activity. A 2005 Cochrane review concluded that both home-based and group-based exercise interventions are associated with improved outcomes for patients receiving cardiac rehabilitation, but that home-based interventions may be associated with improved adherence [8] . Furthermore, the 2006 UK Department of Health (DH) white paper 'Our health, our care, our say: a new direction for community services' argued for a different, more community-based approach to people with long term conditions with the provision of more and better quality services summarized as "care closer to home" [9] . A successful home-based exercise intervention for frail older people would have the potential to improve the health and well-being in this vulnerable group at high risk of important adverse health outcomes which have substantial health and socioeconomic costs.
A home-based exercise intervention for frail older people is an example of a complex health intervention. The Medical Research Council (MRC) framework for the development and evaluation of complex health interventions identifies the key elements of the design and evaluation process [10] . We have therefore adopted the MRC framework to design and evaluate the HomeBased Older People's Exercise (HOPE) programme, an exercise programme to improve the mobility and daily living activities of frail older people living at home. This report describes the methodology of the HOPE trial; a pilot randomised controlled clinical trial to test the effectiveness of the HOPE programme. This report also describes the development of the HOPE programme with reference to the MRC framework.
Objectives
To conduct a pilot RCT to: 1) explore the feasibility of identification of frail older people in community settings; 2) assess the acceptability of the HOPE programme to frail older people; 3) test for a preliminary estimate of effectiveness; 4) test the feasibility of recording data to identify the therapy resources required to deliver the HOPE programme; 5) gather data to inform the design of a definitive clinical trial
Methods/Design
The HOPE trial design and methodology is based on the MRC framework [10] and international guidelines for the design of RCTs of interventions to prevent functional decline and disability in frail older people [11] .
The HOPE trial is a two arm, assessor blind pilot RCT to assess the effectiveness of an exercise intervention (the HOPE programme) designed to improve the mobility and functional abilities of frail older people living at home, compared with usual care. The 12 week HOPE programme is delivered to trial participants by community-based therapists from Bradford Teaching Hospitals NHS Foundation Trust. Follow-up is at 14 weeks post randomisation.
Setting
Bradford, UK; a post-industrial ethnically diverse northern city with a population of 350,000 people.
Inclusion criteria
Those eligible for inclusion are frail older people. A research question under investigation in this pilot trial is to identify the most efficient recruitment method(s) for this hard to reach group of people. We have therefore used multiple recruitment sources to identify frail older people:
1. Older people living at home and under the care of a case manager (CM) in Bradford, UK. CMs are experienced nurses specifically trained in the management of long term conditions and provide nurse-led case management working alongside primary care teams and social service staff. The case management service has been developed nationally with a specific policy objective of reducing acute hospital admissions for people with multiple long-term conditions, who are more likely to be frail. The initial method of approach for those identified through GP registers of NIHR Research Ready practices is by letter from the GP practice. The initial method of approach for all other potential participants is by faceto-face or telephone contact from the healthcare professional or senior member of social services staff who is co-ordinating care.
Exclusion criteria
1. Unable to stand and walk independently 2. Current participation in an alternative exercise programme (e.g. falls prevention programme, pulmonary rehabilitation)
3. Registered blind 4. Poorly controlled angina 5. Another member of the household already in the HOPE trial 6. Severe dementia 7. Receiving palliative care
Development of the HOPE programme
The development of the HOPE programme has followed a three-stage process that has been informed by the MRC framework [10] . Firstly, international guidelines on the development of exercise interventions for older people from the American College of Sports Medicine (ACSM) and the American Heart Association (AHA) were reviewed [12] . These guidelines recommend that exercise interventions for older people should be multidimensional and include exercises to improve whole body muscle strength, mobility, balance and aerobic capacity. Secondly, a systematic review of the literature was conducted to identify RCTs of high methodological quality that investigated home-based exercise interventions for frail older people. This review was supported by an earlier systematic review of exercise interventions for frail older people in long-term care [13] . The key components of the exercise interventions in the successful RCTs of high methodological quality were then identified to inform the frequency, intensity and duration of the intervention.
Thirdly, a series of multiperspective focus group meetings with frail older people and experienced healthcare professionals were conducted. The meetings were audiorecorded and transcribed to enable a thematic analysis of the qualitative data using grounded theory methods. The key aims and objectives of these focus group meeting were to identify key physical limitations and difficulties with activities of daily living (ADL) in frail older people living at home. This was to enable the selection of appropriate exercises to address these limitations and difficulties. The key physical limitations identified from the thematic analysis were; muscle weakness; pain and stiffness in joints; poor balance; poor postural stability and flexibility; and breathlessness. Important difficulties in ADL were standing up from a chair; getting out of bed and climbing stairs. Although aerobic exercise for older people is recommended in the ACSM and AHA guidelines, the multiperspective focus group meetings identified that aerobic exercise for frail older people would be difficult to achieve, particularly in those who are most frail because of limits in energy expenditure.
Following this three stage process, a draft intervention was produced. The draft intervention was further refined by expert consensus using Delphi methodology [14] to produce the HOPE programme -an evidence based, user defined exercise intervention for frail older people living at home.
Description of the intervention
The HOPE programme is a 12 week progressive exercise intervention which is presented to participants in an exercise manual and delivered by trained community-based physiotherapists from Bradford Teaching Hospitals NHS Foundation Trust. The manual contains five sections; 1) information, 2) safety tips, 3) good posture, 4) exercises and 5) staying on track. The exercises have been selected to target the physical limitations and ADL difficulties identified by the focus group meetings and refined through the consensus process. To account for the diversity of our participant group, the HOPE programme is graded into three levels. Participants are stratified to the appropriate level using the baseline timed-up and go test [15] . All of the exercises are easy to learn, require no special equipment and can be performed without professional supervision. The exercises for each level of the programme (Level 1, 2 and 3), their purpose (to improve strength, mobility, balance or aerobic capacity) and their functional relevance (e.g. to improve standing up from a chair) are provided in Additional file 1, appendix 1.
At the beginning of the intervention participants are requested to perform five repetitions of each exercise in the routine. This progresses to 10 and then 15 repetitions as performance improves. The exercise routine takes less than 15 minutes to complete, and participants are requested to complete the routine 3 times a day on 5 days of the week.
Participants receive weekly support from physiotherapists through either a face-to-face home visit or telephone call (Figure 1 ). If participants are coping well with the exercises they are encouraged to progress within the programme. Progression is by increasing repetitions, introducing new exercises or advancing to the next level of the HOPE programme (Figure 1 ). Gentle aerobic exercise is incorporated as a progression exercise at Level 3 of the HOPE programme to introduce the concept of aerobic exercise to the more physically able participants.
Strategies to support behaviour change
The HOPE programme is based predominantly on the social cognitive model of behaviour change as a theoretical framework, and this has previously been shown to successfully increase physical activity participation in adults [16] [17] [18] [19] . Details of the behaviour change techniques and how they are incorporated into the HOPE programme are shown in Table 1 .
Sample size
A successful pilot RCT provides important information regarding process, resources, management and scientific data [20] . This pilot RCT is designed to explore: 1) Process: test feasibility of the trial and intervention e.g. trial recruitment rates, drop out rates, intervention compliance 2) Resources: record resources required to identify and gain consent from participants, time to complete study assessments, resources required to deliver the intervention 3) Management: gain insight into trial personnel and data management issues 4) Scientific: estimate intervention effect size and variance, test intervention safety To provide useful process, resources, management and scientific data we aim to recruit 100 participants (50 per group). The results from our pilot RCT will inform the feasibility, design and power calculation for a future definitive RCT.
Randomisation
Participants undergo central, concealed randomised allocation to intervention or usual care. Participants are stratified by the baseline timed up and go test and undergo randomisation using restricted blocks of random size with an allocation ratio of 1:1. Generation and storage of the HOPE trial randomisation sequence, and conduction of individual participant randomisation is PT home visit 1. Give and explain the manual to the participant. Educate the participant about the proposed benefit of each exercise and jointly set realistic goals. Teach and demonstrate the exercises to the participant, observe the participant practicing the exercises, ensure correct technique and give feedback.
PT home visit 3. Conduct a home visit and assess for progression by following the flowchart below. Progression depends on how the participant is coping with the HOPE programme.
Phone call. Enquire about any difficulties with the exercises and discuss potential solutions. Remind the participant to complete the exercise diary, give feedback and answer any questions.
PT home visit 4. Conduct a home visit and assess all participants for progression by following the flowchart below. Progression depends on how the participant is coping and which HOPE level they are currently in. 
Baseline Assessment
Baseline assessment is conducted by an elderly care researcher and includes age, sex, cognitive assessment, co-morbidity index [21] and the Edmonton Frail Scale (EFS), a validated and reliable measure of frailty [22] . The EFS samples 10 domains, including cognitive impairment, functional ability and mobility. The maximum score is 17, which represents the highest level of frailty. The EFS demonstrates good inter-rater reliability (estimated = 0.7) and internal consistency (Cronbach's α = 0.62). Involvement in previous formal exercise programmes and the dates of any previous involvement are also recorded.
Primary outcome measure [15] , measured at baseline and 14 weeks post-randomisation. The TUGT measures, in seconds, the time taken to stand up from a standard chair, walk a distance of 3 metres, turn, walk back to the chair and sit down. A chair with armrests and a seating depth of 44-47 cm is recommended. Those who complete the test in less than 20 seconds tend to be independently mobile, able to get in and out of a chair without assistance and climb stairs. Those who complete the test in 30 seconds or more tend to require assistance with getting in and out of a chair, climbing stairs and leaving the house. Those who complete the test in 20-29 seconds demonstrate greater variability in mobility, balance and functional ability [15] . The TUGT score demonstrates high inter-rater and intra-rater reliability (intraclass correlation coefficients (ICCs) 0.99 and 0.99 respectively) and correlates well with measures of gait speed, functional ability and balance. An improvement of 1.4 seconds on the TUGT (within-patient change score) has been identified as the minimum clinically important difference (MCID) [23] .
Timed Up and Go test (TUGT)
Secondary outcome measures 1. Barthel Index of ADL [24] , measured at baseline and at 14 weeks post-randomisation. The Barthel Index assesses functional status on a 20 point scale by recording ability to complete ten activities of daily living; bathing, bladder function, bowel function, dressing, feeding, grooming, mobility, stairs, toilet use and transfers. Higher scores indicate greater independence. An MCID of 1.85 points has been identified, but the utility of the Barthel Index can be limited by floor and ceiling effects [25, 26] .
2. The EuroQol Group 5-Dimension Self-Report Questionnaire (EQ-5D) [27] , measured at baseline and at 14 weeks post-randomisation. The EQ-5D is a standardised measure of health utility (quality of life) comprising five dimensions: mobility, self-care, usual activities, pain/discomfort and anxiety/depression. Each dimension has three levels: no problems, some problems, severe problems. The scores for each of the five dimensions are combined in a five digit number representing health status that can be Information given about the value of exercise for health in older age Provide general encouragement (SCogT) Praise and encouragement given by physiotherapists weekly during either a home visit or telephone call Set graded tasks (SCogT)
Opportunities to progress (increased repetitions, addition of progression exercises, advancing to the next level of the programme) are discussed between participant and physiotherapists and an individual progression plan is agreed upon Provide instruction (SCogT) Each participant receives a HOPE programme manual which gives instructions for the programme and describes in written and pictorial format how to perform each exercise. Physiotherapists also provide instruction during home visits and telephone calls
Model or demonstrate the behaviour (SCogT)
Physiotherapists demonstrate how to correctly perform exercises during home visits Prompt specific goal setting (CT) The physiotherapists facilitates the participant to set specific functional improvement goals Prompt self-monitoring behaviour (CT) The participant is asked to keep a record of which days they do their exercises on and how many times they complete the routine that day Prompt practice (OC) Participants are provided with a HOPE programme fridge magnet to prompt them to perform their exercise routine
Relapse prevention 3 "gentle exercises" are provided in the HOPE manual for participants to complete if they are "having a bad day" (this was identified in focus groups as a situation likely to result in failure to maintain the exercise programme)
Techniques and theoretical frameworks were defined using [16] . SCogT, social cognitive theory; CT, control theory; OC, operant conditioning.
converted into a summary index (0 for dead, 1 for perfect health and negative values for states worse than death). 3. Geriatric Depression Scale (GDS) [28] , measured at baseline and at 14 weeks post-randomisation. The GDS is a screen for the presence and severity of depression in older people. It comprises 15 individual questions; a score of 0-4 indicates no depression, 5-10 is suggestive of mild depression and 11+ is suggestive of severe depression.
We are also recording recruitment rates; proportions and reasons for non-consent; protocol compliance by therapists; rates of adherence to the HOPE programme by patients; drop out rates; rates of completion of outcome measures; unscheduled admissions to hospital. We also record falls and document muscle/joint pain.
We anticipate that the main cost of the intervention will be the future therapy resources associated with delivery of the HOPE programme. To perform a formal cost-effectiveness analysis in the future definitive trial, we will therefore test the feasibility of collection of data to identify the therapy resources required for delivery. This data will be recorded by the physiotherapists who deliver the intervention and will include time taken for each physiotherapist home visit, time for telephone consultations and travel time.
Analysis plan
The exploratory nature of this pilot study requires mainly descriptive statistics and will focus on the estimation of effects sizes, 95% confidence intervals and variation estimation for planning of the future definitive trial. We will compare the baseline differences between the control and intervention groups in terms of the baseline assessment tests and assess differences in any other potential confounding variables (age, sex, co-morbidity).
All outcome measures will be summarised and 95% confidence intervals constructed for the difference in outcomes between control and intervention groups. Analysis of covariance (ANCOVA) tests will be used for continuous outcomes, with adjustment for baseline values. Both adjusted and unadjusted values will be reported to detect which has the smaller variance for future planning. Risk ratios with 95% confidence intervals will be used for binary outcomes and rate ratios with resulting 95% confidence intervals will be used to assess rates.
The final intention-to-treat analysis will include all randomised participants for whom the follow-up assessment of the primary outcome measure is available. The per-protocol analysis will include all randomised participants who are deemed to have no protocol violations.
Protocol violations
Participants who are randomised to the HOPE programme (intervention) arm but do not undertake any of the HOPE programme are deemed to be protocol violations.
Risks
Safe exercise guidelines are followed and exercise intensity is increased gradually by therapists with experience in the delivery of exercise interventions to frail older people living at home. All potential participants are informed of the potential risks in the participant information documents provided, so that informed consent is taken with full knowledge of potential risks.
Adverse events
An adverse event (AE) is any unfavourable and unintended sign, symptom, syndrome or illness that develops or worsens during the period of observation in the trial. This includes:
1. Exacerbation of a pre-existing illness 2. Increase in frequency or intensity of a pre-existing episodic event or condition 3. Condition detected or diagnosed after the intervention even though it may have been present prior to the start of the trial 4. Continuous persistent disease or symptoms present at baseline that worsen following the start of the trial.
A serious adverse event (SAE) is any AE occurring following trial mandated procedures that results in any of the following outcomes:
1. Death 2. A life-threatening adverse event 3. Inpatient hospitalisation 4. A disability/incapacity All AEs are assessed for seriousness, causality and expectedness by the trial chief investigator and recorded and closely monitored. The chief investigator is informed immediately following any SAE to determine causality and expectedness. Any SAE that is deemed to be directly related to the trial intervention, or suspected to be related to the trial intervention, will be reported immediately to the ethics committee.
Informed consent
Informed, written consent is obtained from all trial participants by an elderly care researcher during a visit to the participant's home. Consent is in full accordance with the Mental Capacity Act 2005 [29] and International Conference on Harmonisation-Good Clinical Practice (ICH-GCP) [30] . It is emphasised that participants are free to withdraw from the trial at any time and that this will not affect the future care that they receive. 
Ethical and organisational review

Discussion
The HOPE trial is a pilot RCT of an exercise intervention designed to improve the mobility and functional abilities of frail older people living at home. Although previous RCTs have used operationalised, non-validated methods of measuring frailty, the HOPE trial is, to our knowledge, the first RCT of an exercise intervention for frail older people that includes a validated method of frailty assessment at baseline.
The main challenges that we anticipate are the recruitment and retention of trial participants who are frail older people at increased risk of adverse outcomes, including falls, admission to hospital and death. We aim to maximise participant retention by regular therapist face-to-face and telephone contact. Previous trials have reported an increase in participant falls risk following exercise intervention [31] . We aim to minimise this risk through the delivery of our graded exercise intervention by therapy staff who are fully trained and experienced in the complex risk assessment techniques that are required for frail older people.
The findings from the pilot HOPE trial will inform the design and development of a future definitive multi-site RCT and guide the future commissioning of local and national therapy services for frail older people. 
Trial registration and date of first participant randomisation
